BRICKS "OF    THE    UNI VERSE                        167
half-way between the earth and Mars. Its volume is 20,000,000 times
as great as that of the sun but it contains only fifteen times as much
matter. That is to say, if the tenuous gas of Betelgeuse^ were condensed
to the density of the sun we should have a star fifteen times as big as the
sun.
THE   EMPTY   UNIVERSE
The universe as a whole is as empty of matter as an atom is. It has
been calculated that in our comparatively densely populated part of the
universe, there is one star in every ten cubic parsecs, and a parsec is
about nineteen billion miles. Suppose the solar system were spread
out evenly over this space; it would have to be reduced to the state of a
very tenuous gas, far more tenuous than anything we have experience of.
There would be about seventy atoms per cubic inch. When we compare
this with the molecules in a cubic inch of hydrogen at atmospheric
pressure we may begin to have some idea of how empty space is. The
best high vacuum that it is possible to produce by artificial means is
6,000,000,000 times more dense than the average density of our part of
the universe.
Yet we are in a comparatively crowded part of the universe; outside
the Milky Way there are vast empty spaces which reduce the average
density still lower. A calculation of the average density of the whole
universe makes it a thousand quadrillion times less dense than
hydrogen at atmospheric pressure; that is, there are about two or three
atoms to every cubic foot, which is almost the same as saying that if
matter were evenly distributed throughout space there would not be
any!
But not quite. It is possible to detect, by their effect on the spectrum,
even the faint traces of matter, the few isolated and wandering atoms
that are present in the most empty space.
HOW   ATOMS   ARE   LINKED
Atoms do not usually occur singly on the earth; they are combined
to form molecules. Even the atoms of the elementary gases usually
combine in pairs. Oxygen, nitrogen, hydrogen and chlorine are all
composed of molecules, each made up of two atoms of the gas.
Molecules are usual; separate atoms are exceptional. There are two
distinct ways in which atoms can be linked together to form molecules.
Both kinds of link depend on the outer electrons of the atoms.
The electrons of an atom are not arranged haphazard; their orbits
are on definite "shells." surrounding the nucleus of the atom. The
innermost shell in any atom can contain only two orbits. Hydrogen
has only one electron; the inert gas helium has two, so that the shell is
complete. Lithium has three electrons; two of them complete the
innermost shell; the third starts a new shell further out. The second
shell can contain any number of orbits up to eight. When the second
shell is filled up we have the inert gas neon, with two electrons idf'the